We demonstrated radiolytic ligation of oligodeoxynucleotides (ODNs) possessing disulfide bond and its application to regulation of DNA quadruplex formation. G-rich hexamer ODNs had poor ability to form quadruplex, while X-irradiation of the ODNs induced interstrand exchange reaction at disulfide bond to form ligated 12 mer ODNs, leading to the ready formation of quadruplex due to the entropic effect. Since complexation of the ligated ODNs with hemin in the presence of K + showed strong soret band absorption and also catalyzed the H 2 O 2 -mediated oxidation of luminol, it appears that the quadruplex formed from ligated ODNs showed a function similar to native DNA quadruplex.
DNA or RNA, which contains guanine-rich sequences, can form G-quadruplexes that appear to play a significant role in gene function. 1 The formation of this unique structure often occurs within human genome centromeres and teromeres, and therefore G-quadruplex research is underway on topics ranging from fundamental structural chemistry to therapeutic advance. 2-8 G-quadruplexes exhibit a marked heterogeneity of higher order structures. As such, they may be composed of one, two, or four parallel or antiparallel strands, depending on the number of G-rich segments, the strand length, and the type and concentration of monovalent cations present, respectively. [9] [10] [11] [12] [13] [14] [15] [16] [17] Since the function and feature of G-quadruplex are related with their conformation, the regulation of their structure is essential for understanding the properties of G-quadruplex in the biological systems.
Here, we demonstrate regulation of G-quadruplex formation by X-irradiation.
X-irradiation is a useful exogenous trigger for the activation of many biomolecules because radiation-induced chemical reactions can be regulated spatially and temporally. 18 Recently, we showed effective functionality of disulfide bond for radiolytic ligation and cyclization of oligodeoxynucleotides (ODNs). ( Figure 1) 
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The ODNs possessing a disulfide bond at the strand end (ODN 1) was prepared by standard automated DNA synthesis. 24 The structure and sequence of ODN 1 are shown in Figure 1 . We initially conducted reduction of ODN 1 by means of X-irradiation in argon-purged aqueous solution containing 2-methyl-2-propanol. 25 The scavenger 2-methyl-2-propanol was added to prevent side reactions derived by oxidizing hydroxyl radicals, which are one of the active species generated by the radiolysis of water To confirm that ligated product, ODN 2, formed G-quadruplex in the presence of K + , we followed the absorption of ODNs in the presence of hemin, 27 Since it is well-documented that the Soret band of hemin is enhanced on binding of a DNA quadruplex. 28, 29 As shown in Figure 3A 
